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Introduction 
Replication and estimation of neck muscle activations 
during impact events is still a great challenge in 
biomechanics. Experimental in-vitro studies have 
underlined the importance of neck muscle forces as 
these can alter the ultimate load [1], but little is still 
known about how neck muscles are activated in-vivo 
prior to impacts. In neuromusculoskeletal modelling, 
EMG-assisted methods combine experimental EMG 
signals with optimisation procedures to generate muscle 
activation patterns that satisfy both experimental muscle 
excitation patterns and the calculated joint moments. 
The aim of this study is to evaluate the use of EMG-
assisted neuromusculoskeletal modelling to investigate 
neck muscle function in preparation for collisions. 
 
Methods 
One academy level front-row rugby player performed 
lab-based scrummaging and tackling using an 
instrumented scrum machine and tackle simulator as 
well as functional neck movements. Full body 
kinematics, neck flexors and extensors EMG, and full 
body MRI scans were collected.  
A neuromusculoskeletal modelling pipeline that tracks 
experimental joint moments was used to simulate 
muscle activation patterns. Two neuromuscular solution 
modalities were assessed: static optimisation (SO) and 
EMG-assisted methods. An MRI-derived OpenSim 
model (Figure 1) was used and its muscle parameters 
calibrated in CEINMS [2] in two different ways: one 
where all the model’s MTU strengths were calibrated 
(EMGa) and a second were 44 MTUs were prescribed 




Figure 1:The population specific ‘Rugby 
Model’(https://simtk.org/projects/csibath) was adapted 
by using MRI scans of the neck region to create 
wrapping surfaces and update muscle parameters. 
 
The calibrated models were used in CEINMS to 
estimate muscle activations and MTU forces by tracking 
experimental joint moments and EMG linear envelopes 
in an EMG-assisted optimisation approach in remaining 
trials. Correlative measures across each trial were used 
to access model performance by comparing the results 
to experimental joint moments and recorded EMG 
values and against pure Static Optimisation. 
 
Results 
The EMGaMRI neuromuscular solutions tracked 
experimental net joint moments (NJM) with the same 
accuracy than SO. The EMGa and EMGaMRI models 
successfully tracked experimental excitations for the ten 




Figure 2: Root mean square error (RMSE) and R2 for NJM 
and muscle activation across all neck movements. 
 
Conclusion 
EMG-assisted models can reproduce net joint moments 
with MTU activations that i) track experimental EMG 
measurements, ii) do not saturate nor display “on-off” 
behaviour, iii) closely follow experimental co-
contraction ratios and v) are estimated without a priori 
objective function. This is a key step forward to 
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